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1. INTRODUCTION

The discovery of neutral currents in VN interactionsl) in 1973
triggered both experimental and theoretical effort to study in detail their
structure. The experiments done since then on VN, ve, eN, and e+e_ scattering
are in a good agreement with the prediction of WS-GIM standard model ) which
describes the amount of mixing between SU{2) and U(1) gauge bosons in terms of a
single free parameter sin‘ew. Since the WS-GIM model seems to be the
strongest candidate for the correct theory of weak and electromagnetic

3,4)

interactions it is considered important™’ to test the model in new

kinematical regions and reaction channels.

The Bologna-CERN-Dubna-Munich-Saclay collaboration (CERN NA4 experiment)

made a measurement of deep inelastic scattering of muons on nucleons
+ t
BN+ u + ...

at two energies 120 and 200 GeV using an isoscalar target (carbon) in order to
measure the effect of the Z° exchange interfering with the dominant one photon
exchange and check the prediction of the WS-GIM model. This experiment differs
from the SLAC e D experimentS) in that both the helicity and the charge of

the muon are simultaneously reversed, i.e. we measure the charge conjugation

asymmetry B (z, A) defined as

do*(-a) _ do”(»)

_ dz dz (1)
Blz.h) = 5, de )
dz dz

where z is a convenient kinematical variable and A 1s the average longitudinal
polarization of the muon beam. To measure B(z, A) the polarity of all magnets
in the experiment (both beam transport and spectrometer) have to be
simultaneously switched back and forth. Taking into account only one photon and

6)

one Z° exchange graphs the asymmetry B(z,X) is equal to

B(z,A) = -K(a -Av )A,z, ; S UV 2 5 |
1 ] ~. ) .
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where K = —S— « —L_ = 1.5« 10°* GeV-? determines the strength of yZ*® inter-—
/2 2na Halo- Veto

ference, au(vu) is the axial-vector (vector) neutral coupling of a muon to the
= (1-y)* ! i ) MWPC'
2* and z = g(y)Q* = : + 8 ) Q*, y =1 - %‘* , E'(E,) being the energy of the Segmented tngger Targe! wPC s
L

-y) Hodoscope /  counters (zy Hodoscopes (8units) (80 planes)
| / 1

scattered (incident)muon. 1In the framework of the parton model the ratio of

structure functions A, for isoscalar target reduces to a constant ! "“ T
e - 27s3m
XGy(x,Q%) J ‘ f
A, = =8 (a -2a) -+
¢ inx,Q'i 5 d u’?
SM1  SM2  SM3  SMae SM©
where aq is the axial-vector coupling of a quark to the 2°. ~58m —
Fig. 1. Schematic view of the NA4 spectrometer.
It has been shown7’8) that higher order electromagnetic and weak terms
make an important contribution to the B asymmetry and tend to decrease it (e.g.
by ~ 40% at an incident energy 200 GeV). Frome 5 Ron 3678 Tvert 5887
Top View {x Prejection) [___
¢ v
2 L

2. APPARATUS

The general layout of the NA4 spectrometer is shown in fig. l. It consists

of a 50 m long torus of iron magnetized to saturation with targets located in EL/" l J
the central hole. Muons of the same charge as the incident beam are focused by = !
the magnetic field and perform periodical oscillations inside the iron Sige Vew {y Projection)

(fig. 2). The spectrometer is subdivided into ten identical supermodules. Each

supermodule (fig. 3) comsists of:

.

(a) a separate carbon target 5 m lone exrent in Fho lack rea Ceidales, | , Dt:ﬁ:j.t/\/
(b) magnetized iron and coil; ” — | I | IO |
Trock
1

. . c. . : I
(c) two trigger counters and eight multiwire proportional chambers to determine P dln s
the muon trajectory inside the irom. X , . .
Fig. 2. Computer reconstruction of a typical deep inelastic

event in the spectrometer.

A set of three beam hodoscopes with a mosaic structure is used to correlate
the beam muon which initiated the trigger with hits in the momentum defining
hodoscopes installed in the beam line on both sides of a set of deflecting

magnets (BMS). The first of the beam hodoscopes monitors the beam flux and is

also used in the trigger logic. The apparatus is shielded against the beam halo
muons by a veto system of scintillation counters.

. +sedroear  Target
e TITs ooy
o g o ot P
[N IR

The trigger enables to detect interactions wherever they occur along the

effective target length of ca. 36 m. The standard trigger condition for data Pigte thickness 1Omm

Gap i3mm .

constant nominal bending angle and bending power of the deflecting magnets), . * Piows smocue 4 ;
Length / moduie 483 mm [T NI O
scattered muon momentum p, four momentum transfey Q?, yield = number of iron/ module  440mm Zuu - s

N*of module/5M 8
events/incoming flux ,etc. Typical time stability plots for accepted events are

shown in figs. 4 and 5 for one of the periods at 200 GeV. Each point represents . Return coils

approximately 4000 events. -— 5m ——

Fig. 3. Structure of one supermodule.



0.11 < Q*/Q*max <€ 0.375

Ve 1 W 0.2 <y <0.9
0.2 <x
~
o 60 - 700 < v_ < 3100 cm .
> z
7 59 wq { i } ‘d The cuts remove that part of the kinematical region where the acceptance is
~N
[« ] I I I * rapidly varying. It has been checked that these or other cuts do not change the
v . - . . . .
, | resulting B by more than one standard deviation. The solid lines in fig. 10
58 |- represent linear fits to data not corrected for higher order radiative effects.
/ . ) _ " o
| A Linear fits to the Monte—Carlo prediction for B asymmetry including
95} I radiative effects in different variables are shown in fig. 10 by dashed lines.
The general trends of data and Monte-Carlo are the same; the shift between data
1 and Monte-Carlo of about 4°107! is possibly due to a’systematic error in the
94 T‘ relative normalization between u* and u  data.
g l The asymmetry B{(z) shown in fig. 11 has been corrected for higher order
\A’ Nr electromagnetic processes. Fitting the two data samples independently the
Q :
v following values for the slope b of the B asymmetry are obtained:
. b = -(1.67 £ 0.45) * 10°* GeV~? at 200 GeV and
92 b = =(1.7 t1.1) * 107" GeV~? at 120 GeV.
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Fig. 4. Time stability of the mean values of E,, p, Q*. -] * i’ I#* * #‘“*f}m‘** H ’* “lwh{m **
> 14}
The compé?ison of u' and W data was done in terms of the asymmetry
B (see (1)) taking instead of z geometrical variables such as v (vertex
. . . z
positions), ¢ (azimuthal angle of the scattered muon) and many others. All 12
distributions show a very good compatibility with zero (lower part of figs. 6,7)
within the errors. The asymmetry B as a function of Q? is shown in the lower i
part of figs. 8,9 for energies 120 and 200 GeV respectively. . 10 N N i i 1
0 20 40 60 80 100
In fig. 10 the asymmetry B for the 200 GeV data is plotted as a function of N Run
Q?, p (momentum of the scattered muon), x and z = g{y)Q? after cuts: Fig. S. Time stability of the mean value of the event yield.
S
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taking required the coincidence of four consecutive trigger planes (v 1l m
long track) and the beam * halo signal. The construction of the segmented
trigger counters makes it possible to require a minimum Q?*/Q*max of
scattered muons. Most of the data were taken with the condition

Q*/Q*max > 0.1. The detailed description of the spectrometer is being

published elsewhereg).

3. PRELIMINARY RESULT ON ASYMMETRY

pata for the B asymmetry were taken at two energies 200 and 120 GeV at
fixed beam intensity of about 2.107 u/spill in eight data taking periods of
12 days each. Usually during a period the beam charge was reversed twice in

order to reduce time dependent systematic effects.

At 200 GeV the sequence of measurements was the following:

[+ - #)= + =j+ = +|- + =] +]

with the requirement Q* 2 40 GeV?. At 120 GeV two different trigger

conditions were applied:

- Q% 2 20 GeV? with polarity switches |+ - + -|+ - +| and

Q" z 1Z Gev* with poiarity switches |+ = +i.

The data sample presented contains the following number of events:

+ -

B N beam energy
4.7 * 10* 6.5 * 10° 200 GeV
4.6 ¢+ 10° 4.8 ¢ 10% 120 Gev

which represent 70% of the available statistics at both energies. In the current

analysis the main emphasis has been put on checking the time stability of the

data and to search for possible systematic effects. About 15% of the datra has

been rejected at this stage of analysis because it did not meet stability
criteria concerning mean values of different quantities such as detector

efficiencies, incoming energy E, (as determined by the BMS assuming a

Within the framework of the Weinberg-Salam-GIM theory one can write

i 1 1 -2b°10*
2 = -~ - .
sinfe, =yt qny T M 10
where |A] is the average polarization of the u beam. With [Ax| = 0.75 :

we obtain

sin’ew = 0,26 * 0.09 at 200 GeV and
sin’@ = 0.27 £0.22 at 120 GeV.

OQur result can be compared with the value of 0.224 * 0.020 obtained in the

SLAC eD experiment

5) 11)'

or the value of 0.26 * 0.06 from PETRA experiments

Assuming a general SU(2) x U(1) gauge theory our data can set a limit om

the weak isospin of the right handed muoan) since

b/-KAy = a - v, = 10-1) + 135G + 2asinte,.

n

Taking the world average for sinzew = 0.23 and assuming 1% = -1/2 we

obtain:

1% = 0.03 £ 0.08 ac 200 GeV and
1R = 0.03 £ 0.19 at 120 Gev,

confirming that the right handed u is a singlet.

4. SYSTEMATIC ERRORS

The study of systematic errors is in progress. Here we briefly mention

some possible sources of systematic errors:

4.1 Spectrometer

(a)

(b)

Its magnetic field was kept on a given hysteresis loop using a computer
program. During data taking the temperature of the iron was monitored and
two Hall probes measured the magnetic field inside the iron. As indicated
by the Hall probes, the reproducibility and reversibility of the field was
better than 4°10°* of its absolute value. A Monte-Carlo calculation

shows that the ensuing error on the slope B is limited to less than
2°10"°%,

The difference ¢*—¢~ between detector efficiencies for u* and

u_ data is smaller than 2°10-* for most detectors (MWPCs, trigger

countefs, trigger stations). The large redundancy of our spectrometer
(e.g., the mean number of points in the MWPC per track is 28) enables us to
evaluate efficiencies with a high accuracy and makes the data less
sensitive to the malfunctioning of a single detector. The asymmetry due to
efficiency differences calculated by Monte-Carlo for one third of the

statistics is less than 2°107°%.



5. CONCLUSIONS

(¢} Showers and & rays: we observe a small excess (2.5%) of extra hits in
. Th limi 3 s . + -
MWPCs for u* data. They can influence the resolution and generate e preliminary result on deep inelastic scattering of u” and u
: . . f : . .
small asymmetries. However, a preliminary Monte-Carlo investigation shows off a carbon target at 120 and 200 GeV shows a negative “charge conjugation
a try" . . .
that the effect on the B asymmetry is negligible. symmetry"” B(z). The data are in agreement with the standard WS-GIM electroweak
odel i in? _
model and give a value of sin 0H = 0.26 t 0.09. The data also set a
4.2 Beam . stringent limit on the weak isospin of the right handed muon:
(a) The bending power of the deflecting magnets in the BMS was monitored by R
Hall probes. The present limit on the reproducibility and reversibility of I, = 0.03 * 0.08,
the bending power is 2¢10-*%. Auxiliary measurements and analysis P
. . . hich i i sos
should further reduce this source of error which mainly influences the whi proves the muon to be a right handed singlet. The errors are statistical
asymmetry B at small z-values. only. Although no obvious systematic effects are found, the full evaluation of
systematic errors is not yet completed .
(b) The beam divergence increases with the radius and reaches 0.4 mrad at
r = 2cm (FWHM of the beam profile). A study dome on a part of the data REFERENCES
shows that the relative difference in the mean beam angle and in the beam
X £ 1) F.J. Hasert et al., Phys. Lett. 46B (1973) 138.
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Fig. 12. (a) Slopes b for four measurements of B asymmetry at 200 GeV (data
corrected for rad. corr.).
(b) Slopes b of the asymmetry in the same charge comparison. .
0(1) and 0(2) are the first and the second part of data of Received by Publishing Department
the same charge within one period. on June 23 1982,
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ApawxeHTo A. 1 Aap.
3apapgosas acumMMmeTpua B rnyGokoHeynpyrom N - paccefHun

E1-82-479

Cortpyanunuectsom BUAMC /akcnepument HA-4 B LIEPHe/ nonyueHu gaHHbie AnA
N3MEPEHMA acUMMETpUM B rnyBokoHeynpyrom paccesHuu nyukos u* uu Ha yrnepoa-
HOW MUWeHN. ITOT IKCNEPMMEHT MNO3BONAET NPOBEPUTE CTPYKTYPY HEMTpPanbHOro cna-
6oro Toka u onpegenute npegen no cnaboMy M3OCNMHY ANA NP3BOBMHTOBOrO MIOOHA.

B ctaamn amanm3a Haxoaatca 2,5.108 coGutun, 3apernc TpUpPoOBAHHBIX MNpu
3Hepruax 120 u 200 T3B. U3yueHne cucTematuueckux ownboK ewe He 3aKoHueHo. Ha

COBpPEMEHHOM YPOBHE NOHMMAaHMA AaHHLIX HabnmnpaeTcA cornacve CO CTAHRAPTHOW MO-
aenso BC-TUM.

Paborta ssnonHeHa B JlaGopaTopuu BHCOKMX 3Heprun OUAK.

NpenpunT 06BEANHEHHOrO MHCTHUTYTa RAEPHMX Mccnegosawwi. flyGHa 1982

Argento et al. . E1-8B2-479
Charge Asymmetry in u N Deep Inelastic Scattering

The BCDMS Collaboration (CERN NAL experiment) has taken data to measure
the asymmetry in the deep inelastic scattering of u+ and x beams incident
on a carbon target. This measurement can check the structure of the neutral
weak current and set a limit on the weak isospin of the right-handed muon.
The analysis of 2.5 million events taken at 120 and 200 GeV is in progress.
The study of systematic errors is not yet fully completed. At the present

le;e: of understanding the data are in agreement with the standard WS-GiM
model .

The investigation has been performed at the Laboratory of High
Energy Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna 1382




